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Abstract 

Economic models were used to describe the potential Tor an AIDS vaccine lo prtsvent ntcdicsS spending and lost productivity throughout 
die worid- tn cemis of avoided medical spending, preventing 75% of the AIDS lisk for 10 years in one adult male is estimated to be woxth' 
USS 343 in western Europe, USS 4.59 in south and SE Asia, and USS 2.67 in sub-Saharan Africa. The expected medical savings from a 
75% effective vaccine would exceed USS 25-00 per person for over 700 million people. Although an AIDS vaccine would save more lives 
in poverty stricken ueas, it would save more money in developed countries. The mismatch between the public health needs and market 
rorcc$ is highli^ted by this model. €t 2001 Published by Elsevier Science Ltd. 
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1. Introdactioii 

This paper attempts to answer the question, ''What would 
be the expected medical savings and labor produutivity 
savings if an AIDS vaccine were administered to the var- 
ious regional populations of the world?" The answer to 
this question will help individuals in both the private and 
public sectors to prepare for the efficient and equitable de- 
velopment and distribution of an AIDS vaccine to slow the 
epidemic. Creating more effective policies requires advance 
preparation built on an understanding of the luluro toaikct 
for AIDS vaccines. 

This paper projects tlie results of simple cost-benefit cri- 
teria as applied to the latest data on Ihc epidemiology and 
economics of this disease. It would be unusual and undesir- 
able if cost-benefit considerations exartly determined whom 
in the world eventually received AIDS vaccine. Neverthe- 
less, limited budgets make economic considerations an un- 
avoidable pan of setting priorities in disease controL The ex- 
ercises presented here attempt to model Aiture cost-benefit 
studies of AIDS vaccines by applying cost-benefit analysis 
to H hypothetical AIDS vaccfaie of 75% effectiveness with a 
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10~year duration. We recognize that unforeseen changes in 
the fundamental determinants of demand for an AIDS vac- 
cine will occur between now and the time when a vac- 
cine is released^ btit the current mode! permits a timely 
preview of many economic issues surrounding HIV vac- 
cine. Although there is tio vaccine available yet, iberc is al- 
ready high interest in establishing today a policy framework 
to speed access to an AIDS vaccine once one is discov- 
ered [1-3], This model is intended to inform policy-makers 
about what future cost-benefit analyses of AIDS vaccine 
may show. 



2. {Methods 

2.L Health sector versus societal perspective 

Economic benefits of AIDS vaccine are modeled as pre- 
vented cxpcndittires related to disability and death from 
AIDS. Two alternative models depict the standard per- 
spectives on the cosls of an illness: (1) the health sector 
perspective in which the cost of an illness equals the n^ 
present value of the Sum of all medical care costs incurred; 
and (2) the Siocictat perspective in which the lost economic 
producrivily is included as well as medical costs [4]. The 
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fun societai impact of AIDS also includes inlangible costs 
of AIDS in teims of suffermg and social upheaval (hat aic 
potentialty quite targe but difficult to measure. A counto^'s 
decision to purchase the AIDS vaccine could be motivated 
by either of these two perspectives on the cost of disease. 
The strate^ that coirently appears U) be most prevalent for 
vaccine purchase decisions by heahh ministries is the health 
sector perspective in which the govenunent health minisiiy 
is allocated a fixed budget and asked to allocate purchases 
for all items (often including vaccines) to maximize a 
population's health under that budget 

2.2, AIDS vaccine charactethUcs 

Assumptions about the chamcteri sties of AIDS vac- 
cine are based on known properties of current vaccines 
for other diseases. AIDS vaccines under consideration 
could have three potential effects on the disease: (1) re- 
duce pre-cxposure susceptibility to infection; (2) slow dis- 
ease progression to AIDS; and (3) reduce virus shedding. 
Our model will consider only the first effect because it 
is both simplest to model and because personal suscepti- 
bility is the foremost c o ncern in a purchase decision by 
an uninfected person and/or a clmician deciding on their 
bchalf^ 

In the baseline model, efficacy is assumed such that 
75% of recipients who receive a complete course develop 
100% protective immunity whether immunized pre- or 
post-exposure. Vaccine developers and their fundera have 
no expectation that the initial vaccine trials will achieve 
sterilizing immunity in all recipients. There is widespread 
concern that a vaccbe lhat protects only half of its recipients 
may not be licensed for fear that it could lead to offsetting 
risk behavior. A baseline efficacy of 75% was chosen to 
represent a vaccine that was of inteimedlate protection. 

It is assumed that the vaccine's protection wilt last at least 
10 years. If die initial generation of AIDS vaccine turns 
out to have lower efficacy and duration, the model could be 
adapted accordingly. The models do not lake into account the 
possibility that a vaccine may tower the degree of shedding 
of infectious particles or offer therapeutic benefit. 

Our model profiles potential vaccine consumers by first 
dividing ihe world's population into major geographical re- 
gions. Within each region, the general poputatioa is disag- 
gregated by gender and by age group (0-H, 15-64, >65), 

2.3. Modeiir^ vaccine he?teflis 

The following model of benefits predicts that financial 
benefits frxjm AIDS vaccines depend on local economic fac- 
tors: 

benefit of Vj to the hcaldi sector 

- PV[£ X Ij, X (IH- Njr) X HCj,] (1) 
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where PV denotes present value computed at a 3% discount 
rate for a lO-year duration; Vy a decision to vaccinate ev- 
erybody in group where J is defined by age, gender, and 
worid region; E vaccine efRcdxy from 0 to 1 00%, assumed = 
75% for exacdy 10 years in baseline analysis; incidence 
of AIDS or likelihood that average person in group J will 
develop AIDS in year /; /Vy, the numb^ of active secondary 
cases caused by groiqi J and detected in year f; RCjt health 
care costs in year t for group J. AD hcallfa care costs are 
attributed to the same year in which a case develops. 

Eq. (1) corresponds to the 'liealth sector perspective*' 
— it reflects a heahh minister's efforts to minimize the 
govemmem's financial burden from HIV. 

Economic benefits are computed from a societal perspec- 
tive that includes lost productivity as follows: 

benefit of to society = ?y[E x Ijr x {l+Nji) 

yc(HCj,-hWjr)] (2) 

where Wji are lost wages in year / for group / due to death 
and disability from AIDS. 

Eq. (2) corresponds to the '^societal perspective^ — it re^ 
fleets the considerations of a mbiister of finance searching 
for investments to both curtail medical costs and improve 
economic productivity. 

To indicate the degree of inequity in vaccine distribution 
inherent in these two simple algorithms, both models v^ere 
recalculated to esiimate benefits throughout the worid based 
on each group^s AIDS incidence, but with monetary values 
for medical spending and lost productivity from western 
l^urope. This coiresponds to an ^'equity perspective'^ in 
that regional variation in the benefit from AIDS vaccine 
reflects only variation in incidence and rates of disease 
transmission-not ihe vagaries of local medical spending and 
GDP. 

CoUapsing die complex dynamics of an AIDS epidemic 
into a sin^e equation oflcrs tremendous simplicity and en- 
ables transparent comparisons of vaccine benefits across ge- 
ographic regions. 

The models were run using secondary data for each re^ 
gional subgroup on HIV incidence [5,6]» medical care costs 
[7], and GDP/capita [8]. People whose estimated benefits 
exceeded a given price were considered to be potential buy- 
ers at dial price. Cumulative numbers of buyers were tallied 
whose modeled benefits exceeded a range of possible AIDS 
vaccine prices from US$ 1.00 to 100.00. Population esti- 
mates used the latest demographic data for cohorts defined 
by age and sex [9]. The equations underiying the model 
required data on health care costs, productivity costs, and 
vaccine admirustration costs tor each subgroup. Ihble I 
summarizes estimates of casts incuncd per AIDS case used 
in the baseline models. Table 1 shows both the present 
discounted value of a single KIV seroconversion in terms 
of medical spending, and present discounted value Of lost 
productivity. Details on how each of these estimates was 
assembled is presented in a s^aratc publication [10). 
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Tabic 1 

Lifislimo value lost per new cesc of AIDS by ago and rosion* 





InfentE/toddlcrB 


School children 


Average for adulw 




(age 0-^) (USS) 


(age 5-14) (USS) 


(age 15-^5) (US$) 


Wc5Urn Eirropc modicfil (socicu^l^ 


255014 (37^552) 


255014 (683102) 


255014 (583263) 


NoKih Africa and middle east medical (sDcictaO 


1335 (103300) 


1335 (138368) 


1335 (117525) 


Sub-SaktTdD Africa, medical (societaJ) 


3& (1fil40) 


38 (21678) 


3&(1R386) 


South and S£ Asia, mcdieol (Eocielal) 


441 (53829) 


441 (72190) 


441 (6ir77) 


Eastern Europe and General Asia, medical (Eoeieral) 


5035 (31274) 


5035 (40298) 


5035 (34934) 


Qiuriu modical (sodclal) 


1896 (10972) 


1896 (14093) 


1896(12238) 


Jdpan« mcdictd (bOdetoJ) 


IS0591 (801166) 


I5Q591 (1024909) 


150591 (821001) 


Soulb Konaii modiod (societal) 


67031 (218860) 


67031 (271077) 


67031 (223489) 


East A^ia and PacIAc inedicul (societal) 


2820 (25151) 


2820 (32831) 


2820 (28266) 


Ausiralia aiW New Zwland. cnedical (SOCieidT) 


122163 (409977) 


122163 (508961) 


122163 (418752) 


North America, cncdica] (socicia]) 


299R94 (6505)6) 


299R94 (771235) 


299R94 (661309) 


Cnribbccn. medical (socSctnl) 


3322 (68946) 


3322 (91515) 


3322 (78101) 


lAXin America, medical (secieiui) 


1942 (42683) , 


1942 (56694) 


1942 (48366) 



" Numben m cell arc the iHctimc value of medical sovhifiB irom prcvcniiog a ungic case of HIV scrDconvcndbn. Hnmbcra in parcndicacs add to die 
medical costa the Hfcdmc value of produdivity savings. All estimates are given in year 2000 US dollars and disoountod ai 3%. Paiamecera underlying 
tbcsc estimates ace discussed ciscivfacn; [lOj. 

^ Societal refers id die sum of modical and producdvity losses. 



3« Results 

Given the estimates of AIDS risk^ vaccine cf!icacy» and 
the economic loss, the benefit -fToni lO years of 75% risk 
elimination is computed for each target group using Eq. (i) 
for ihc hc^lfa bcctor perspective, and Eq. (2) for Hie societal 
perspective; see Tables 2 and 3. Pgr example, sub^Saliaran 
Africa results (Table 2) indicate that in terms of prevented 
medical spending^ climinadng 75% of the AIDS risk for 10 
years for an African man would be worth USS 2.67. In ad- 
dition^ benefits from both prevented medical spending and 
lost productivity (lUble 3) &how that eliminating 75% of 
the AIDS risk for 10 years for an Afiican man would be 
worth USS 1531. Model results embodying market related 



values of worth confirm the common perception that finan- 
cial markets would value AIDS prevention more highly in 
established market economies. 

The parenthesized values in Tables 2 and 3 wcic derived 
by substituting western European costs for the costs from the 
various regions to reilec^t the premise that all lives should be 
valued equally. This counts all AIDS consequences through- 
out the world on the same doUiu- vahie scale. These parenth^^ 
sized values show that Africa, Asia, and the Caribbean arc 
regions with the greatest opportunity to prevent AIDS con- 
sequences. This demonstrates the disparity between public 
health priorities and financial rewards: areas with the great- 
est opportunity to save lives axe areas where there is the least 
financial reward to do so. 



Tabic 2 

Health sector pcrapcetivc csuitiaxcs" 





In&nis/iDddlcr!; 


Childrcn/icciis 


^Vo^len (b^c 


Men (ei£c 




(age 0-4) (USS) 


(age 5-14) (USS) 


15- 49 (USS) 


15-49) (USS) 


Mote developed coumries 










Western Europe 


31.61 (31,61) 


105.39 (105.39) 


87.13 (87.13) 


342.87 (342.87) 


AusiTiilia Emd Ncvr Zealand 


-2.10 (0-19) 


16.02 (38.02) 


0.51 (S.C4) 


72.00 (154.87) 


North Ammcn 


a7.M (74.15) 


262.94 (222.96) 


209.51 (177.52) 


850.66 (722.73) 


iafian 


-1. 10 (0.69) 


17.62 (33.4!) 


0.83 0-97) 


77.66 (133.07) 


Souih Korea 


-3.88 (-3.77) 


16.12 (173X^0) 


1.19 (15.54) 


31.05 (129.13) 


Less developed countries 










North Afrioi unci middle cost 


-0.41 (17.04) 


-0.06 (82.63) 


-0.1S (66.01) 


0.89 (265.53) 


Stib-Saharao Africa 


-0.10 C2£Sfi.I9) 


1.07(10513.90) 


2.61 (208(8.01) 


2.67 (21238.58) 


South end SE Asia 


-0.30 (1 12.70) 


1.23 (999.10) 


1.32 (1051.71) 


4J)9 (2945.69) 


Easi Europe nnd ccntTBl Asia 


-0.22 (13.66) 


9.74(518.01) 


8.14 (437J6) 


31.80 (1635.70) 


Ebse Asb and I'acittc (excluding 


-0J4 (13.(56) 


1.40 (17U.90) 


0.46 (86.02) 


6.12 (598.58) 


Chiiru Japan, Saudi Korea) 












-0.47 (4.19) 


0.9O (18»,I2) 


0.17(90.04) 


4,44 (663.44) 


Caribbean 


5.J2 (430.80) 


27,9 J I2l?0.9aj 


36.63 (2849. B6) 


76.03 (5874.73) 


Laihi America 


0,05 C71.09) 


4.05 (597.18) 


i,86 (440.87) 


1435 (1948.86) 


^ Net expected bcncRi of vaocinauon by group and by region. Numbers in parentheses arc ihe values lhai would be obtained if die abillQf to pay in 



dial region were equal to diat of wcamni Europe. Negative values inJicaie that die savings to die mcdka) stcctnr from vaccination do not exceed vaccioc 
delivery costs. 
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Tabic 3 

SocicCBl pcnpocdvc CKdreucft** 







OuldxcnAccns 




Men (ogc 






face 5-14) fUSS> 


15-49) lUSS) 




More developed cou(ttn«s 










We&tero Europe 


76.34 (76.34) 


289.38 (289.38) 


204.69 (204.69) 


789.62 (789-62) 


AusiTBJift &iul New Zcotedd 


2.87 (5.69; 


on nu /msnn 
oQ.Oo (108.92) 


1 1.97 (ln.^J) 


^7,01 (3^9.6 J) 


Nonh America 


195.71 (172.03) 


682.81 (604.30) 


d67.07 1411.45) 


1880.91 (1658.43) 


Japan 


11.41 (6.82) 


M3.16 (93-87) 


22 J5 (14.51) 


441.18 (311.05) 


Siulb ECurea 


-3.62 (-3^1) 


0.0n (473.22) 


13 J] (40.97) 


112,85 (300.76) 


Lcsfi dcvclopcfl countricfi 










North Afiica and imddlo cast 


6.61 OR.95) 


44.61 (222.19) 


30.15 (151.61) 


122.10(607.95) 


Sub-SoharaD Atiica 


167.64 (5974-66) 


893.29 (2816431) 


1500 JO (476 1 5 JO) 


1530.82 (48577.24) 


Suulh imd S£ Asia 


23.40 (254.11) 


282.47 (2677.11) 


252 J3 (2406.10) 


707.43 (6737.97) 


E;iai Europe and centra] Asia 


1^4(31.34) 


81.44 (1388.44) 


5948 (1000.96) 


223.64 (3741.80) 


Ease fi^i-a and PuciAc (excluding 


0.90(31.34) 


21.57 (458.63) 


0.09 (I97J8) 


65.90 (1369.71) 


China, Japan, Sotfib Koi^) 










China 


-0.30(10.04) 


9.92 (504.75) 


3.84 (206.57) 


3136 (1518.05) 


Caribbean 


116.11 (969,54) 


782.33 (5842.79) 


872.46 (6518.80) 


I79B.86 (13437.25) 


Loan Amcficd 


11.48 (160.52) 


132.38 (1600.51) 


83-21 (IOOa.99) 


36922 (4458.06) 



°Nel expected benefit of vsccinaiion b>' group ond by region. Numbcni m parcnthcsci are die values tii3t >MOUld be obc^n^ if The flnancifil 
coosequCDCcs of HJV/AIDS tn that region wcro equal to that of wcsinn Europe. Negative values indicate thai the savings to die GDP from vaceination 
do noi exceed vycdne dolivciy costs. 



J.y. Cumulative numbers of vaccine users oi 
different prices 

Figs. 1 and 2 tzilly the ciiznulativc number of people whose 
benefits exceed a range of possible prices for AIDS vacoifte. 
Fig. 1 does this according to the health sector decision rule. 
Fig. 2 shows the curve that would be generated from the 
societa] perspective. 

For example^ in Fig. I, from a health sector perspective, 
one sees that close to 1 billion people today would reckon the 
benefits of a 75% effective, 10-year duration AIDS vaccine 
to exceed USS lO.OO based Ob the expected value of AIDS 
medical spending. At any vaccine price, a greater number 
Of people reckon AIDS vaccine cost beneficial under the 
societal perspective as shown in Fig. 2. 



3,2. SefisHivity tests 

To te2>l Ihc robustness of die model to the estimates of 
vaccine elfectiveness, the curves in Figs. 1 and 2 were 
re-estimated with the assumption that vaccine eifectiveness 
was as high as 90% and as low as 50% retaining all other 
assumptions unchanged The model did not incotparate 
the conjeciuie (hat vaccines with low rates of cficctivcncss 
could lead individuiils to increase their risk behavior. These 
alternative curves aie displayed as doited lines in the figures. 
The sensitivity tests indicate thai the less effective vaccuie 
would attract similar nombers of potential buyers at prices 
that are generally half ihe size of a 75% efleciive vaccine. 
The model's senstlivily lo vaccine cffccdveness becomes 
more pronounced at higher prices. Other tests of sensitivity 



The Global Denuind for AflDS Vaccinas 
Health Sector Perspective 



150 

125 
100 
75 
50 
25 
0 



I. 

























1.000000.000 l^JOOO,000 2.Dt»<0aD,aQO 33QQ,QOOyoe» 

Courses of Vaccine Oamsnded (Global) 



I B a seMne Effecdvlty 90% EffectM ty 5Q%] 



Fig. 1. Number of potconal vaccine buyers a fimcUon ot' the price of a complete course of vaccine. Solid line defines potential buyers usirtg the health 
Eccmr model (Bq. (1)) and ossumcs fidl course of vaccine lowcra each recipicnrs AIDS risk hy 75% Tor. exactly 10 yean. Doaod lines usunic dlfTercrti 
rates of vaccine elTectivencss. 
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The Global Demand for AIDS Vaccmes 
Societal Perspective 
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Fig. 2. Number of potentiEil vaccine buyers as a fullClion of the price of a complete course of vaccine Solid line defines potenlkJ buyers using *c 
societa] model (Bq. (2)) und (Uisumcs fuU course of vac^nc luras each ncipicnt'a AIDS risk by 75% fur exactly 10 ycanL Doncd lines aissiime diffbiait 
tales of VBOcine cffcciivcnCSS. 



to Ihc cost assnmptioAS and incidence assumptions generate 
similar plots to ihosc m Figs. 1 and 2, and are available 
elsewhere [10]. 



4. DiscDssiDn 

One limitation of the model is the quality of the data on 
which It is based. E!>tiniatcs of HIV seroincidence for many 
iiTiportaal suhpopnlations are not precisely known. Aggre- 
^ting incidence rates across large geographic regions can 
obscure ihe dissimilarities between many individual coun- 
Irics and their regional geographic neighbors. Regional ag- 
gregates were used for all countries ejccept east Asia where 
seroincidence and economic consequences of HTV/AJIDS 
were so dissimilar between Japan, China, and South Korea 
lliat these three countries had to be analyzed separately iiom 
the rest of east Asia. 

Another limitation is the application of population derived 
disease risk measures ro individuals. Risk is a population 
measure and for a disease like HIV/AIDS many people are 
able to take steps to control diat risk through individual be- 
luLvioral change. The population incidence rates observed in 



necessarily increase die cost of 1 year of treatment for 
established AIDS patients in developed countries [1 1]. 

The essential result of l^le 1 is (hat the economic bene- 
fits of prevented medical pending per patient vaccinated are 
highest in developed fcountries and lowest m less developed 
countries- This Is opposite to where the greatest epidemiolog- 
ical bewfit would be. Although the financial benefits from 
AIDS vaccines are lower in developing countries, our mod- 
cb suggest that it is premature to write off regions like t^tin 
America, the Caribbean, south and SB Asia as regions vrhcrc 
the market cannot assist in (he distribution of vaccines. Our 
model shows (hnt health ministries in many less developed 
regions of the world are likely to find it cost-beneficial to 
actively purchase AIDS vaccines for selected populations at 
noa-ncgUgible pnces, Tlie societal pcnpective (ifable 3 and 
Fig. 2) can be interpreted tp indicate thai given ttic opporm- 
nity to make their own purchase, a significandy large pro- 
portion of the developing world would find it oost-beneficial 
to buy an AIDS vaccine. 

Although investments in technology can ollen make prod- 
ucts better and cheaper later in the product lifiBcycle. one 
must contemplate the genuine possibilliy of several years 
soent with an AIDR vareinR whosA nnndiir>.iinn rvwfc am hSmk 



